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ELRYLVXDOL]DWLRQ WLVVXH HQJLQHHULQJ DQG RWKHUV >@ 1XPHURXV VWXGLHV LQ WKH ILHOG RI PHWKRGV RI V\QWKHVLV RI
GLDPRQGV DUH DLPHG WR VLPSOLI\LQJ DQG UHGXFLQJ WKH FRVW RI WHFKQRORJLHV RI VXSHUKDUG PDWHULDOV SURGXFWLRQ IRU
PRGHUQ LQGXVWU\ 'LUHFW WUDQVIRUPDWLRQ RI JUDSKLWH LQWR GLDPRQG LV RQH RI WKH PRVW NQRZQ VWUXFWXUDO SKDVH
WUDQVLWLRQV LQ FRQGHQVHGPDWWHU SK\VLFV %XW WKHPDLQPHFKDQLVP RI WKLV WUDQVIRUPDWLRQ LV QRW IXOO\ XQGHUVWRRG
GHVSLWHGHFDGHVRIH[SHULPHQWDODQGWKHRUHWLFDOVWXGLHV7KHSUHVHQFHRIFDUERQDWRPVLQYDULRXVK\EULGL]HGVWDWHV
SURYHV WKH SRVVLEOH H[LVWHQFH RI OHVV VWXGLHG FDUERQ IRUPV ZLWK YDULRXV HOHFWURQLF DQG PHFKDQLFDO SURSHUWLHV
7KHUHIRUHWKHLQWHUHVWLQVHDUFKLQJQHZIRUPVRIFU\VWDOFDUERQKDVEHHQJURZLQJIRUWKHUHFHQW\HDUV
1XPHURXV FDOFXODWLRQV DQGPRGHOLQJZRUNV VKRZ H[LVWHQFH RI YDULRXV K\SRWKHWLF IRUPV RI FDUERQ VWUXFWXUHV







 WR*3D,QDQ\FDVH WKHV\QWKHVLVRIQHZFDUERQIRUPVUHTXLUHV WKHFUHDWLRQRIFRQGLWLRQVXQGHUZKLFK WKH
IRUPDWLRQRIWKHHQHUJHWLFDOO\PRUHDGYDQWDJHRXVVWUXFWXUHVFDQQRWEHUHDOL]HG7KHDFWLRQRIXOWUDVKRUWODVHUSXOVHV




RI IRUPDWLRQ RI JUDSKHQH VWUXFWXUHV RI WKH WZR W\SHV 7KH ILUVW W\SH LV DPXOWLOD\HU JUDSKHQH VKHHWV DQG OHQJWK\
ULEERQZKLFKFDQEHXVHGLQGHYLFHVRIQDQRRSWLFV7KHVHFRQGW\SHLVWKHFUXPSOHGJUDSKHQHZKLFKLVSUHIHUUHGIRU





6FKHPH RI WKH H[SHULPHQWDO VHWXS IRU JHQHUDWLQJ FDUERQ VWUXFWXUHV LV VKRZQ LQ ILJ  7R SURGXFH FDUERQ
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5HVXOWVDQGGLVFXVVLRQ
7KHUHVXOWVRI ODVHUDFWLRQRQ WKHFDUERQ WDUJHWVZHUHVWXGLHGRQ WKHEDVLVRI WKH LPDJHVREWDLQHGE\PHDQVRI
VFDQQLQJ HOHFWURQPLFURVFRSH 6(04XDQWD  ' 6(0LPDJHV RI WKH VXUIDFH RI WUHDWHG VDPSOHV HQDEOHG WR
GHWHUPLQH WKH VL]H RI WKH REWDLQHG FU\VWDOV DQG QDQRVWUXFWXUHV $QDO\VLV RI 6(0LPDJHV GHPRQVWUDWHG WKDW WKH
PRUSKRORJLFDO FKDUDFWHULVWLFV RI WKH REWDLQHG VWUXFWXUHV DUH GHSHQGHQW RQ SRZHU RI ODVHU UDGLDWLRQ 7KXV WKH
LQWHQVLW\RIWKHODVHUH[SRVXUHGHWHUPLQHVWKHVFHQDULRRIWKHIRUPDWLRQRIFDUERQVWUXFWXUHV
7KH ODVHU WUHDWPHQW UHVXOWV LQ WKH IRUPDWLRQ RI VLPLODU QDQRVWUXFWXUHV RQ WKH VXUIDFH RI WKH ERWK XVHG LQ
H[SHULPHQWV PDWHULDOV +23* DQG JODVV\ FDUERQ +RZHYHU WKH TXDOLW\ RI RUGHUHG ODVHULQGXFHG DUUD\V RI
QDQRSHDNV RQ WKH VXUIDFH RI WKH JODVV\ FDUERQ LV VLJQLILFDQWO\ EHWWHU 7KH DUUD\V RI QDQRVWUXFWXUHV ZLWK WKH
FKDUDFWHULVWLFVL]HVIURPQPWRQPZHUHREWDLQHGRQWKHVXUIDFHRIS\URO\WLFJUDSKLWHDWSURFHVVLQJE\ODVHU
UDGLDWLRQ+RZHYHUDUUDQJHPHQWRI WKHVHQDQRVWUXFWXUHVFDQQRWEHFRQVLGHUHGDVRUGHUHG7KLV LVGXH WR WKHIDFW
WKDWDVLQJOHOD\HURIJUDSKLWH+23*VWUXFWXUDOFRPSRQHQWLVQRWDEOHWRIRUPWKHEDVLVRIQDQRVWUXFWXUHGDUUD\V,W
LVGHVWUR\HG1XPHURXVGLVFRQWLQXLWLHVDQGSRUHVDULVHILJVLQJOHDUURZ,WVKRXOGEHPHQWLRQHGWKDWWKHHGJHV







&RPSDULVRQ RI WKH UHVXOWV RI SURFHVVLQJ E\ ODVHU UDGLDWLRQ +23* DQG JODVV\ FDUERQ LQ WKH OLTXLG QLWURJHQ
PHGLXP VKRZV WKDW WKH XVH RI WKH ILUVW PDWHULDO LV SUHIHUDEOH IRU JHQHUDWLQJ VPRRWKHU DQG WKLQQHU JUDSKHQH
VWUXFWXUHV ,W LV REYLRXV WKDW LQ WKLV FDVH WKH GHFLVLYH UROH LV SOD\HG E\ WKH LQWHUQDO VWUXFWXUH RI WKH LUUDGLDWHG
PDWHULDOV
&KDUDFWHULVWLF VWUXFWXUH RI +23* HQDEOHG WR UHYHDO WKH IDFW ZKLFK LV QRW DSSDUHQW XQGHU ODVHU JODVV\ FDUERQ
SURFHVVLQJGXHWRWKHSUHVHQFHLQLWVVWUXFWXUHRIDODUJHDPRXQWRIDPRUSKRXVFRPSRQHQW&DUERQQDQRVWUXFWXUHVLQ
WKH IRUP RI QDQRSHDNV DQG WKRVH VLPLODU WR WKHP DUH UHJLVWHG RQ WKH WDUJHW VXUIDFH ZKLFK KDV UHOHDVHG GXH WR
H[IROLDWLRQRIWKHVXUIDFHOD\HUV7KHODUJHREMHFWVZLWKREYLRXVFU\VWDOOLQHVWUXFWXUHZHUHDOVRIRXQGILJ7KH
IRUPDWLRQRIVXFKVWUXFWXUHVFDQQRWEHDVVRFLDWHGZLWKWKHUHVRQDQW LQWHUDFWLRQRI WKHLQFLGHQW ODVHUUDGLDWLRQDQG
ODVHULQGXFHG VXUIDFH HOHFWURPDJQHWLF ZDYHV XVXDO PHFKDQLVP RI V\QWKHVLV RI VXUIDFH QDQRVWUXFWXUHV DW
IHPWRVHFRQGODVHUSURFHVVLQJRIPDWHULDOV

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  
)LJ6(0LPDJHVRIWKHFDUERQFU\VWDOOLQHVWUXFWXUHVZKLFKZHUHV\QWKHVL]HGDWUHVXOWIHPWRVHFRQGODVHUSURFHVVLQJ+23*
7KH FKHFN RI WKH HOHPHQWDO FRPSRVLWLRQ RI UHJLVWHUHG FU\VWDOOLQH VWUXFWXUHV E\ PHDQV RI V\VWHP RI HQHUJ\
GLVSHUVLYH;UD\PLFURDQDO\VLVVKRZHGWKHDEVHQFHRIDQ\RWKHUHOHPHQWVH[FHSWFDUERQ7KHIRUPRIFU\VWDOVILJ
D FRUUHVSRQGV WR PRQRFOLQLF V\VWHP0RQRFOLQLF FDUERQ EHORQJV WR WKLV FU\VWDOORJUDSKLF JURXS > @ $ PRUH
GHWDLOHGVWXG\RIWKHLUUDGLDWHGVXUIDFHE\WKHVFDQQLQJHOHFWURQLFPLFURVFRSHUHYHDOHGFDUERQFU\VWDOVWUXFWXUHVRI
















7KH IRUPDWLRQ RI FU\VWDOV XQGHU WKH VXUIDFH OD\HU RI JUDSKLWH VDPSOHV DOVR FRQILUPHG E\ D QXPEHU RI 6(0
LPDJHVRISURFHVVHGE\IHPWRVHFRQGODVHUUDGLDWLRQVXUIDFHRIDFDUERQWDUJHWV)RUH[DPSOHLWFDQEHVHHQLQILJ
ZKHUHUHVLGXHVRIWKHVXUIDFHOD\HUFORVHVRPHFU\VWDOVDQGVSDFHDURXQGWKHP5HPRYDORIWKHVXUIDFHOD\HUFDQQRW































7KXV WKH SURSRVHG WHFKQLTXH HQDEOHV WR HIILFLHQWO\ LPSOHPHQW WKH QDQRVWUXFWXUL]DWLRQ RI YDULRXV JUDSKLWL]HG
FDUERQPDWHULDOV9DULRXV W\SHVRIQDQRVWUXFWXUHVFDQEHREWDLQHGGHSHQGLQJRQ WKH LQWHQVLW\RI WKH IHPWRVHFRQG
ODVHU UDGLDWLRQ7KHUHDUHFDUERQQDQRSHDNVJUDSKHQHVWUXFWXUHVDQGRWKHUV,QDGGLWLRQ WKLVPHWKRGSURYLGHV WKH
SRVVLELOLW\ WRREWDLQQHZFU\VWDOOLQH FDUERQ IRUPVRIERWK DQDQRPHWHU DQGPLFURPHWHU VL]HV7KLV IHDWXUHRI WKH
PHWKRG DOORZV WR SURYH WKH H[LVWHQFH DQG LQYHVWLJDWH WKH W\SHV RI FDUERQ VWUXFWXUHV ZKLFK DUH FXUUHQWO\ RQO\
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